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Detonators For Use With Explosive Devices 

Background 

The invention relates to detonators for use with explosive devices. 
Explosive devices such as shaped charges in perforating guns are commonly used in a 
well to create openings in a casing section and to extend perforations into a surrounding 
5 formation to allow communication of fluids between the formation and the well surface. 
Explosives may also be used to activate downhole tools, such as packers. Other types of 
explosive devices include those used in mining operations and other surface applications. 

Detonators used with explosive tools are of two general types: electrical and 
percussion. An electrical detonator may also be referred as an electro-explosive device 
10 (EED), which may include hot-wire detonators, semiconductor bridge (SCB) detonators, or 
exploding foil initiator (EFI) detonators. 

An EFI detonator includes an electrically conductive metal foil connected to a source 
of current. The metal foil includes a narrow neck section that explodes or vaporizes when a 
high current is discharged quickly through the neck section. The exploding neck section of 
1 5 the foil shears a small flyer from a disk that is disposed in contact with the foil. The flyer 
travels or flies through a barrel to impact a secondary explosive to initiate a detonation. 

A conventional EFI detonator typically includes a capacitor discharge unit of 
relatively large size, which leads to increased sizes for housings in downhole tools for 
containing such detonators. Further, because of their relatively large sizes, the efficiencies of 
20 conventional EFI detonators are reduced due to increased resistance and inductance of 

electrical paths in the detonators. As a result, higher voltages and power may be needed for 
activating such detonators. A need thus continues to exist for improved EFI detonators. 

Summary 

25 In general, according to one embodiment, a detonator assembly for use with an 

explosive device includes a support structure, an exploding foil initiator mounted on the 
support structure, and at least another component mounted on the support structure. An 
opening formed in the support structure adjacent the exploding foil initiator, with the opening 
adapted to receive an initiating element of the exploding foil initiator. 
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Other features and embodiments will be apparent from the following description, the 
drawings, and the claims. 

Brief Description Of The Drawings 

Fig. 1 illustrates a downhole tool including a perforating gun string having a detonator 

assembly according to one embodiment. 

Figs. 2 and 3 illustrate a multiplier and capacitor discharge unit (CDU) in the 

detonator assembly of Fig. 1. 

Fig. 4A illustrates an exploding foil initiator (EFI) circuit according to one 

embodiment in the CDU of Fig. 2. 

Fig. 4B illustrates a cross-section of a portion of the detonator assembly. 

Fig. 5 is a cross-sectional diagram of the detonator assembly of Fig. 1. 

Fig. 6 is an exploded view of the detonator assembly of Fig. 1. 

Fig. 7 is a perspective view of the detonator assembly of Fig. 1. 

Fig. 8 illustrates a control device for use with the detonator assembly of Fig. 1. 

Fig. 9 is an electrical schematic diagram of a portion of the detonator assembly of Fig. 

1. 

Figs. 10-12 illustrate a detonator assembly according to another embodiment. 
Fig. 13 illustrates an initiator device that includes an EFI circuit integrated with a 
switch for use in the CDU of Fig. 2. 

Detailed Description 

In the following description, numerous details are set forth to provide an 
understanding of the present invention. However, it is to be understood by those skilled in 
the art that the present invention may be practiced without these details and that numerous 
variations or modifications from the described embodiments may be possible. For example, 
even though reference is made to detonators according to some embodiments for use with 
explosive devices such as shaped charges in a perforating gun string, detonators may also be 
used with other types of explosive devices (e.g., those in other types of downhole tools or 
tools used in mining operations and other applications) in further embodiments. 

Referring to Fig. 1, an embodiment of a downhole tool 8 includes a perforating string 
having a perforating gun 20 and a firing head 1 8. In one embodiment, the perforating string 8 
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may be attached at the end of an electrical cable 16, which may be a wireline or an electrical 
cable run through a coiled tubing. The firing head 18 includes an exploding foil initiator 
(EFI) detonator assembly 22 according to one embodiment. The perforating string 8 is 
lowered to a desired depth in a wellbore 10 lined with casing 12. In response to an activating 
signal sent down the electrical cable 16, the EFI detonator assembly 22 is activated to initiate 
a detonating cord 24 that is attached to shaped charges (not shown) in the perforating gun 20. 
When fired, perforating jets from the shaped charges extend perforations through the casing 
12 into the surrounding formation. 

In alternative embodiments, the activating signal may be in the form of pressure pulse 
signals or hydraulic pressure. In such embodiments, the electrical cable 16 may not be 
needed, and the downhole tool 8 may be carried by slickline or tubing. Activating power may 
also be provided by a downhole battery. Further, other embodiments of the downhole tool 8 
may include packers, valves, or other devices. Thus, the activating signal may activate 
control modules to set packers, to open and close valves, or to activate other devices. 

Exploding foil initiators may include an exploding foil "flyer plate" initiator or an 
exploding foil "bubble activated" initiator. In the ensuing description, reference is made to 
the "flying plate" EFI. However, in further embodiments, other types of EFI may be used, as 
may other types of electrical initiators such as exploding bridgewire (EBW) initiators and 
semiconductor bridge (SCB) initiators. 

Referring to Figs. 2 and 3, portions of the detonator assembly 22 according to one 
embodiment are illustrated. The detonator assembly 22 includes a support structure 100, such 
as flexible support structures including flex cables or flexible circuits available from various 
manufacturers, including Sheldohl, E. I. du Pont de Nemours and Company, and International 
Business Machines Corporation. The support structure 100 may be a multi-layered structure, 
including metal conductor traces on both sides of an insulation layer (e.g., a polyimide layer 
such as KAPTON® or Pyralin). A source of Pyralin is Hitachi Chemical DuPont (HD) 
Microsystems L.L.C. A source of KAPTON® polyimide film is E.I. du Pont de Nemours and 
Company. 

Conductors 104A and 104B in the electrical cable 16 are electrically connected to 
conductor traces in the support structure 100. An incoming electrical voltage on conductors 
104A and 104B is applied to a multiplier 102, which may be in the form of a DC-to-DC 
converter, to multiply the input voltage at conductor lines 104A and 104B by some factor 
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(e.g., 2X, 3X, 4X, and so forth). In one example embodiment, the voltage multiplier 102 may 
include the following components: a 4X power supply, an oscillator, stages of diodes and 
capacitors for voltage multiplication, and a bleed resistor. The output of the voltage 
multiplier 102 is provided to a slapper capacitor 106 in an initiator device such as a capacitor 
5 discharge unit (CDU), which can be charged to some predetermined voltage, e.g., between 
about 800-1600 VDC. The other components of the CDU include a switching component 

108 and the EFI circuit 120. 

The slapper capacitor 106 can be any one of various types of conventional capacitors, 
including a capacitor having a dielectric formed of a ceramic material, e.g., lead zirconate 
10 titanate (PZT). A capacitor with the ceramic dielectric may have a larger capacitance value 
versus other types of capacitors with the same footprint requirements on the support structure 
100. 

In the illustrated embodiment, the switching component 108 is mounted on a side of 
the flexible support structure 100 opposite the capacitor 106. In one example embodiment, 

15 the switching component 108 may be a switching spark gap (such as one made by Siemens) 
that is actuated by an overvoltage condition (e.g., 1 ,400 VDC). The other end of the spark 
gap 108 is coupled to an EFI circuit 120. Normally, the switching spark gap 108 is in an 
open position to isolate the applied electrical cable voltage from the EFI circuit 120. 
However, when the slapper capacitor 106 is charged to a sufficient overvoltage, e.g., between 

20 about 1,200 and 1,600 VDC, the spark gap 108 rapidly conducts and connects the voltage in 
the slapper capacitor 106 to the EFI circuit 120. In an alternative embodiment, if a miniature 
spark gap, such as one made by Reynolds Industries, is used, then a voltage above 1 ,000 
VDC at the output of the voltage multiplier 102 may be enough to activate the miniature 
spark gap. 

25 In further embodiments, the switching component 108 may include other types of 

switches, including those described in copending Patent Application, entitled "Switches Used 
in Wells" by Nolan C. Lerche and James E. Brooks, filed concurrently herewith and hereby 
incorporated by reference. Some of these alternative switches may be activated by even 
lower voltages at the voltage multiplier 102 output. Other types of switches may also be used 

30 in other embodiments, such as switches that are formed on the same substrate as the EFI 
circuit 120. Switches with lower resistance and inductance may allow lower activation 
voltages to be directly transmitted down the electrical cable 16. 
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Referring to Fig. 9, an electrical schematic diagram of a portion of the detonator 
assembly 22 is illustrated. The electrical cable conductors 104 A and 104B are routed to 
inputs of the voltage multiplier 102. The outputs of the voltage multiplier 102 are coupled 
across the slapper capacitor 106 to charge the capacitor to a predetermined voltage. When a 

5 predetermined voltage is reached (in the case of a switching spark gap), or in response to a 
trigger signal (with some other types of switches), the switch component 108 closes to 
connect the voltage in the capacitor 106 to the EFI circuit 120. 

As shown in Fig. 3, the EFI circuit 120 is mounted on the inside surface 1 10 of a 
barrel 1 12, which is formed from an end of the support structure 100 in accordance with one 

1 0 embodiment of the invention. The support structure 1 00 thus includes two integral segments, 
one on which the voltage multiplier 102, capacitor 106, and switch 108 are mounted, and the 
other on which the EFI circuit 120 is mounted. The first and second segments are arranged at 
an angle (approximately perpendicular in the illustrated embodiment). In an alternative 
embodiment, the first and second segments may be separate pieces attached to each other at 

1 5 an angle. The EFI circuit 1 20 (or some other type of initiator) is arranged in a position of the 
support structure that is bent or set at some predetermined angle to orient the initiator in a 
desired direction, such as towards an explosive. 

The barrel 1 12 has an opening 114 through which a flyer can pass through in response 
to activation of the EFI circuit 120. As illustrated, the barrel 1 12 is integrally formed with the 

20 rest of the support structure 100. This advantageously allows the detonator assembly 22 to be 
made as a smaller package, e.g., having a length at least as small as about 3.5 inches in one 
example embodiment. With a bubble activated EFI, the opening 1 14 provides a path through 
which the bubble generated by the EFI can expand. Thus, the opening 1 1 4 is adapted to 
receive an initiating element from the EFI, such as a flyer or a bubble. 

25 Another advantage is that the EFI circuit 1 20 may be electrically coupled closer to the 

remaining components of the CDU, including the slapper capacitor 106 and the switching 
component 108. Due to the characteristics of the support structure 100 (e.g., a flex cable) and 
the close proximity of the components of the CDU, relatively low inductance and resistance 
exist in the electrical path from the slapper capacitor 106 to the EFI circuit 120. As a result, 

30 the slapper capacitor 1 06 may have a smaller capacitance (e.g., less than 0. 1 microfarads or 
uF) as the transfer of energy is made more efficient from the capacitor 106 to the EFI circuit 
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120. In another embodiment, instead of using the capacitor 106, another type of energy 
source may be used to activate the EFI circuit 102. 

Referring further to Fig. 4B, the voltage multiplier 102, slapper capacitor 106, 
switching component 108, and EFI circuit 120 can be mounted onto the support structure 100 
5 using a surface mount technology (SMT). As conductive traces are provided on both the 
upper and lower layers 221 and 225, respectively, of the support structure 100 according to 
one embodiment, the components may be mounted on both the upper and lower layers to save 
space and reduce distances between components. An insulation layer 223 is disposed 
between the upper and lower layers 221 and 225. As noted above, the compact design aids in 
1 0 reduction of inductance and resistance in the conductive traces of the support structure to 
enhance efficiency of energy transfer. 

Referring to Fig. 4A, the EFI circuit 120 according to one embodiment includes a 
substrate 202 (which may be formed of a ceramic, silicon, or other suitable material) on 
which a metal foil layer 204 can be formed. The foil 204 may be formed of copper, for 
1 5 example, although other types of electrically conductive metal layers may also be used in 

further embodiment, such as aluminum, nickel, steel, tungsten, gold, silver, a metal alloy, and 
so forth. The foil 204 includes two electrode portions 206 and 208 and a reduced neck 
section 210. Also illustrated in Fig. 4 is a polyimide layer 212 (e.g., KAPTON® or Pyralin) 
formed over the neck section 210 of the foil 204. 
20 The substrate 202 may be a ceramic material having a thickness of about 25 mils and 

formed of a material including alumina, for example. To manufacture the EFI circuits, a 
sheet of ceramic substrate (e.g., about 4 inches by 4 inches in one embodiment) may be used 
on which a number of metal foils 204 can be deposited. The metal deposition can be 
performed using sputter deposition or electronic beam deposition. In one embodiment, each 
25 metal foil 204 may include three metal layers, including a bottom layer of titanium, a middle 
layer of copper, and a top layer of gold, as an example. Example thicknesses of the several 
layers may be as follows: about 500 Angstroms of titanium, about 3 micrometers of copper, 
and about 500 Angstroms of gold. In one example configuration, the reduced neck section 
210 of the foil 204 may be approximately 8 mils by 8 mils in size. 
30 Following deposition of the layer 204, polyimide in flowable form (e.g., Pyralin) may 

be poured onto the entire top surface of the ceramic substrate 202. A first coat of polyimide 
may be spun onto the ceramic substrate 202 at a predetermined rotational speed (e.g., about 
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2,900 rpm) for a predetermined amount of time (e.g., about 30 seconds). The polyimide layer 
can then be cured by soft baking in a nitrogen environment at a predetermined temperature 
(e.g., about 90°C) for some predetermined amount of time (e.g., about 30 minutes). In one 
embodiment, a second coat of polyimide can be spun onto the ceramic substrate and metal 
foil 204. In one embodiment, after the polyimide layers have been spun on and cured, a layer 
of polyimide of about 10 micrometers is formed over the metal foil 204 and ceramic substrate 
202. Next, the polyimide layer is selectively etched to remove all portions of the polyimide 
layer except for the portion 212 above the reduced neck section 210 of the foil 204. 

When a sufficiently high voltage is applied across the electrodes 206 and 208 of the 
metal foil 204, the neck section 210 explodes or vaporizes and goes through a phase change 
to create a plasma, which causes a portion (referred to as the flyer) of the polyimide layer 212 
to be separated from the foil 204 to traverse the opening 1 14 of the barrel 1 12. In another 
embodiment, instead of a polyimide flyer, a composite flyer may be used that is made of a 
layer of polyimide and a layer of metal (e.g., nickel, tungsten, silver, copper, gold, and so 
forth). 

Referring further to Fig. 5, the flyer is sent through the barrel 1 12 to impact a 
secondary explosive pellet 121, which may be fine particle HNS or NONA, for example. 
NONA, a special type of fine-particle explosive, may be more sensitive so that a lower firing 
voltage may be achieved. The secondary explosive pellet 121 may be positioned in the bore 
of a ring-shaped pellet carrier 1 19. A thin layer 122, which may be formed of aluminum, for 
example, may be placed next to and in contact with the secondary explosive 121. 

If a "bubble activated" EFI is used instead, a polyimide layer may bubble and expand 
to impact an explosive. An example "bubble activated" EFI is disclosed in commonly 
assigned U.S. Patent No. 5,088,413, by Huber et al., which is hereby incorporated by 
reference. If a bubble activated initiator is used, the expanding bubble impacts the explosive 
121 to start a detonation. Other initiators may be employed for initiating the explosive 121, 
such as exploding bridgewire (EBW) initiators or semiconductor bridge (SBC) initiators. 

Explosion of the secondary explosive 121 causes a portion (also referred to as a flyer) 
of the thin layer 122 to be sheared and shot through an opening 123 in a shear washer 124. 
The flyer traverses a gap 125 having a predetermined distance (e.g., about 0.36 inches) to 
impact a booster explosive 126. Upon impact by the metal flyer, the booster explosive 126 
explodes to initiate a detonating cord 24 attached to the booster explosive 126. Initiation of 
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the detonating cord 24 causes a detonating wave to be sent down the detonating cord to 
shaped charges in the perforating gun 20. 

The pellet carrier 119, secondary explosive pellet 121, thin metal layer 122, and shear 
washer 124 that are part of the detonator assembly 22 are contained inside a booster housing 

5 160. Openings or slots 127 may be provided from outside the booster housing 160 (which 
may be formed of plastic, for example) to the gap 125 to provide fluid desensitization. In the 
presence of fluids, such as with a flooded perforating gun 20, the flyer from the layer 122 
would be blocked by the fluid and unable to achieve the required speed in the gap 125 to 
initiate the booster explosive 126. This prevents firing of a flooded gun or detonation of an 

10 explosive in another downhole tool that is flooded with well fluid. 

Referring further to Fig. 6, the assembly comprising the electronic circuit (including 
the voltage multiplier, CDU, and barrel) is enclosed in a main housing 150 (which may be 
formed of plastic, for example) having a top housing portion 150A and a bottom housing 
portion 150B. Grooves 103 and 105 (Fig. 5) are formed inside the main housing 150 to 

15 receive the switching spark gap 108 and the barrel 1 12 that is integrally formed with the 
support structure 100. 

In one arrangement, a first pad layer 15 IB (e.g., formed of silicone rubber) is 
positioned in the bottom housing portion 150B. The support structure 100 and attached 
electronic circuitry are placed on the first pad layer 15 IB. A second pad layer 151 A is laid 

20 over the upper surface of the components on the support structure 100. The top housing 

portion 150 A covering the support structure and electronic circuitry assembly is attached to 
the bottom housing portion 150B using an attachment member 152. 

In one embodiment, the booster housing 160 containing the pellet carrier 119, the thin 
layer 122, and the shear washer 124 has a threaded section 164 for threaded attachment to the 

25 main housing 150. A pin 163 (Figs. 5 and 7) may be inserted into the side of threaded 

housing 150B and driven into the threaded portion 164, thus preventing the booster housing 
160 from rotating loose during use. Other attachment mechanisms between the housings 150 
and 160 may be employed. 

At the other end, the booster housing 160 includes a latch section in which the 

30 housing 160 is split into segments 168 with slits 169 separating the segments 168 to allow the 
generally cylindrical booster explosive 126 to slip into the bore of the booster housing 160. 
A shoulder 172 (Fig. 6) at the interface between the booster 126 and the detonating cord 128 
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is adapted to contact an opposing shoulder 180 (Fig. 5) on the inner surface of the latch 
section after the booster 126 is slipped into the booster housing 160. Once the booster 126 is 
slipped into the booster housing 160 so that the opposing shoulders 172 and 180 are in 
contact, a retainer nut 1 62 may be threadably attached on the outer threaded portion 1 70 of 
5 the housing segments 168 to lock the booster 126 inside the booster housing 160. 

Effectively, a convenient snap-in attachment mechanism is provided to securely connect the 
booster 126 inside the booster housing 160 of the detonator assembly 22. An assembled view 
of the detonator assembly 22 is shown in Fig. 7. The detonator assembly 22 may then be 
attached inside the firing head 1 8 of the perforating string. . 

10 Referring to Fig. 13, an arrangement of an initiator device 300 that includes an EFI 

circuit 120 integrated with a switch circuit 121 on the same support structure 202 is 
illustrated. The switch circuit 121 may include a plasma diode switch in accordance with an 
embodiment. As discussed above, the EFI circuit 120 may be composed of the lower 
insulator layer 202, metal foil layer 204, and upper insulator layer 212. Upon activation of 

15 the EFI circuit 120, the flyer that breaks off the upper insulator layer 212 flies through the 
opening 1 14 in the barrel 112. 

The switching circuit 121 includes an upper conductor layer 342, an intermediate 
insulator layer 344, and a lower conductor layer 346. The upper conductor layer 342 of the 
switching circuit 121 is electrically coupled to one node of the slapper capacitor 106 (Fig. 2) 

20 over a wire 307. The upper conductor layer 242 also abuts a Zener diode 302. The lower 
conductor layer 346 is electrically coupled to one electrode of the EFI circuit 120, such as 
through conductive traces in the support structure 202. The diode 302 breaks down in 
response to an applied voltage (over a wire 305) when a trigger voltage V TRIGGER is activated. 
The applied voltage on V TRIGGER may be set at greater than the breakdown voltage of the diode 

25 302, which causes it avalanches as it conducts current in response to the applied voltage, 
providing a sharp current rise and an explosive burst that punches through the upper 
conductor layer 342 and the insulation layer 344 to make an electrical connection path to the 
lower conductor layer 346 to close the circuit from the slapper capacitor 106 to the EFI circuit 
120. This configuration is, in effect, a high-efficiency triggerable switch. There are also 

30 other switch embodiments that may be used. 

The plasma switch 121 offers the advantage that it can be implemented in a relatively 
small package. With a smaller assembly, the ESR (effective series resistance) and ESL 
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(effective series inductance) of the switch is reduced, which leads to enhanced efficiency of 
the switch. The plasma switch may also be integrated onto the same support structure as the 
device it connects to, such as an EFI circuit. This leads to an overall system, such as an 
initiator device, having reduced dimensions. By using a semiconductor material doped with a 
5 P/N junction (such as a diode) to create a plasma to form a conduction path through several 
layers of the switch, reliability is enhanced over conventional explosive shock switches since 

an explosive is not needed. 

The plasma switch of Fig. 13 includes a switch 121 having a Zener diode 302 and a 
conductor/insulator/conductor assembly including layers 342, 344, and 346. Another 

10 embodiment of a plasma switch may employ a bridge having a narrowed section (formed of 
metal) that vaporizes in response to applied electrical energy. 

Referring to Figs. 10-12, a detonator assembly 22A according to another embodiment 
is illustrated. Components of the detonator assembly 22A that are the same as the detonator 
assembly 22 have identical reference numerals. The detonator assembly 22A as illustrated in 

1 5 Figs. 10-12 includes a main housing 1 50 having an extended rear portion 1 84 to receive an 
insulation displacement connector 1 86 that includes a wire stuffer member 1 80 and a pair of 
terminals 182 (formed of an electrically conductive metal), as shown in Fig. 1 1. The wire 
stuffer member 180 includes a pair of openings 187 A and 187B to receive unstripped 
electrical cable wires 104A and 104B (i.e., the insulation covering remains on the cable wires 

20 104Aand 104B). 

Once the wires 104 A and 104B are stuffed or received in the openings 187 A and 
187B, respectively, the wire stuffer 180 is pushed downwards towards the terminals 182, 
which may be sitting in corresponding grooves in the bottom housing 150B. The slanted top 
edges 188 A and 188B of the pair of terminals 182 are sharp to cut through the insulation 

25 cover of the wires 104A and 104B as they are driven into slots 185 A and 185B, respectively, 
of the terminals 182. As a result, the wires 104 A and 104B are electrically contacted to the 
terminals 182, which in turn are electrically contacted to conductive traces provided in the 
bottom housing 1 50B. This provides a convenient mechanism to plug electrical cable wires 
into the detonator assembly 22 A. 

30 Referring to Fig. 8, the detonator assembly 22 or 22 A may be used with a control 

device that includes a microcontroller 250, which may be powered by a downhole power 
supply 260. An input/output (I/O) interface 252 may be provided between the electrical cable 
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16 and the microcontroller 250. Other types of controllers may be substituted for the 
microcontroller 250, including microprocessors, application specific integrated circuits 
(ASICs), programmable gate arrays (PGAs), discrete devices, and so forth. In the example 
embodiment illustrated in Fig. 8, the electrical cable 16 is coupled to switches 266 and 268 
that may be activated or deactivated by the microcontroller 250 to control transmission of 
signals down the electrical cable 16. The microcontroller 250 may also be mounted on the 
support structure 100 with the voltage multiplier 102 and the CDU. 

The microcontroller 250 is adapted to control activation and deactivation of the 
switches 266 and 268 in response to a command sent down the electrical cable 16, which may 
include address signals. When the switch 266 is turned on, a voltage on the electrical cable 
16 is allowed to pass to the detonator assembly 22 or 22 A. If a plurality of control devices 
including the microcontroller 250 and detonator assembly 22 or 22A are coupled on the 
electrical cable 16, the switches 266 and 268 can be controlled to selectively activate control 
devices by addressing commands to the control devices in sequence. This allows firing of a 
sequence of perforating strings in a desired order. Selective activation of a sequence of tool 
strings is described in commonly assigned copending U.S. Patent Application Serial No. 
09/179,507, filed October 27, 1998, entitled "Downhole Activation System," which is hereby 
incorporated by reference. 

While the invention has been disclosed with respect to a limited number of 
embodiments, those skilled in the art will appreciate numerous modifications and variations 
therefrom. It is intended that the appended claims cover all such modifications and variations 
as fall within the true spirit and scope of the invention. 
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What is claimed is: 

1 1 . A detonator assembly for use with an explosive device, comprising: 

2 a support structure; 

3 an exploding foil initiator mounted on the support structure; 

4 at least another component mounted on the support structure; and 

5 an opening formed in the support structure adjacent the exploding foil 

6 initiator, the opening adapted to receive an initiating element of the exploding foil initiator. 

1 2. The detonator assembly of claim 1 , wherein the at least other component 

2 includes a switch coupled to the exploding foil initiator. 

1 3. The detonator assembly of claim 1 , wherein the opening is formed in a 

2 position of the support structure that is at a predetermined angle relative to the another 

3 portion of the support structure. 

1 4. The detonator assembly of claim 1 , wherein the initiating component includes 

2 a flyer from the exploding foil initiator. 

1 5. The detonator assembly of claim 1 , wherein the initiating element includes a 

2 bubble from the exploding foil initiator. 

1 6. The detonator assembly of claim 1 , wherein the support structure includes a 

2 flexible support structure. 

1 7. The detonator assembly of claim 6, wherein the support structure includes a 

2 flex cable. 



1 
2 
3 



8. The detonator assembly of claim 1 , comprising a capacitor and a switch 
mounted on the support structure, the switch being coupled between the capacitor and 
exploding foil initiator. 
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1 9. The detonator assembly of claim 8, wherein the switch is activatable to couple 

2 charge stored in the capacitor to the exploding foil initiator 

1 1 0. The detonator assembly of claim 8, wherein the capacitor includes a dielectric 

2 formed of a ceramic material. 

1 11. The detonator assembly of claim 1 , further comprising a switch and a substrate 

2 on which the exploding foil initiator is formed, wherein the switch is also formed on the 

3 substrate. 

1 12. The detonator assembly of claim 1 , further comprising one or more housings 

2 in which the support structure is mounted and an explosive positioned in the one or more 

3 housings and adapted to be initiated by the explosive foil initiator. 

1 13. The detonator assembly of claim 1 2, further comprising a detonating cord, 

2 wherein initiation of the detonating cord is caused by detonating of the explosive, at least a 

3 portion of the detonating cord being contained in the one or more housings. 

1 14. The detonator assembly of claim 1 , further comprising an explosive positioned 

2 proximal the barrel. 

1 15. The detonator assembly of claim 1 4, further comprising a layer positioned 

2 adjacent the explosive, at least a portion of the layer adapted to be sheared upon detonation of 

3 the explosive. 

1 16. The detonator assembly of claim 15, further comprising a booster explosive 

2 and a gap between the booster explosive and the layer, the booster explosive adapted to be 

3 detonated by impact of the sheared layer portion. 

1 1 7. The detonator assembly of claim 1 6, further comprising a detonating cord 

2 coupled to the booster explosive. 
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1 1 8 . The detonator assembly of claim 1 4, wherein the layer includes a metal. 

1 1 9. The detonator assembly of claim 1 4, wherein the explosive includes a NONA 

2 explosive. 

1 20. A detonator assembly for use with an explosive tool, comprising: 

2 an energy source; 

3 an exploding foil initiator; 

4 a switch coupling the energy source to the exploding foil initiator; and 

5 a support structure on which the energy source, exploding foil initiator, and 

6 switch are mounted. 

1 21. The detonator assembly of claim 20, wherein the energy source includes a 

2 capacitor. 

1 22. The detonator assembly of claim 20, wherein the support structure includes a 

2 flexible support structure. 

1 23. The detonator assembly of claim 22, wherein the flexible support structure 

2 includes a flex cable. 

1 24. The detonator assembly of claim 20, wherein an opening is formed in the 

2 support structure proximal the exploding foil initiator to receive an initiating element of the 

3 exploding foil initiator. 

1 25. The detonator assembly of claim 24, wherein the support structure has a first 

2 segment and a second segment at an angle from the first segment, the opening formed in the 

3 second segment and the exploding foil initiator mounted on the second segment. 



1 

2 
3 



26. A downhole tool for use in a well, comprising: 

a detonator assembly including an exploding foil initiator and a housing 

having a latch portion; and 
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4 a booster explosive, the housing having a chamber adapted to receive the 

5 booster explosive, and the latch portion adapted to engage the booster explosive. 

1 27. The downhole tool of claim 26, wherein the housing includes a plurality of 

2 segments separated by slits, the chamber formed at least in part by a portion of the housing 

3 including the plurality of segments. 

1 28. The downhole tool of claim 27, wherein external surfaces of the segments 

2 form a threaded portion, the downhole tool further comprising a retainer nut adapted to 

3 engage the threaded portion to lock the booster explosive in the housing. 

1 29. The downhole tool of claim 26, wherein an engagement surface is formed in 

2 an inner wall of the housing, and wherein an opposing surface is formed in the booster, the 

3 surfaces of the housing inner wall and the booster being adapted to engage. 

1 30. A detonator assembly activable by signals in one or more electrical wires, 

2 comprising: 

3 an initiator; and 

4 a housing containing the initiator and an insulation displacement connector 

5 adapted to electrically receive the one or more electrical wires. 

1 31. The detonator assembly of claim 30, wherein the insulation displacement 

2 connector includes a wire receiving member. 

1 32. The detonator assembly of claim 3 1 , wherein the insulation displacement 

2 connector further includes one or more sharp edges adapted to strip insulation from 

3 corresponding one or more wires when the receiving member is pushed in a predetermined 

4 direction. 

1 33. The detonator assembly of claim 32, further comprising one or more 

2 electrically conductive terminals to receive exposed conductors of the one or more wires. 
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1 34. The detonator assembly of claim 33, wherein the one or more sharp edges are 

2 formed on the one or more terminals. 

1 35. Apparatus for initiating an explosive device, comprising: 

2 a support structure having a first segment and a second segment; 

3 an energy source mounted on the first segment; and 

4 an exploding foil initiator mounted on the second segment. 

1 36. The apparatus of claim 35, wherein the first and second segments are attached 

2 at an angle. 

1 37. The apparatus of claim 36, wherein the first and second segments are 

2 integrally attached. 

1 38. A detonator assembly, comprising: 

2 one or more housings; 

3 an explosive contained in the one or more housings; 

4 a flexible support structure having a first portion at an angle with respect to 

5 another portion of the support structure, the flexible support structure mounted in the one or 

6 more housings; 

7 an initiator mounted on the first portion to orient the initiator towards the 

8 explosive. 

1 39. A method of making a detonator assembly, comprising: 

2 providing a support structure having a first segment and a second segment; 

3 mounting an energy source on the first segment; and 

4 mounting an exploding foil initiator on the second segment. 

1 40. The method of claim 39, further comprising forming an opening in the second 

2 segment adjacent the exploding foil initiator to receive a flyer from the exploding foil 

3 initiator. 
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41. The method of claim 39, further comprising placing the support structure in 
one or more housings. 



42. The method of claim 41, further comprising mounting an explosive in the one 
or more housings in the proximity of the exploding foil initiator. 
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FIG. 8 
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